The genus Ipornoea of Convolvulaceae with species distributed in both the hemispheres is based on n=15 chromosome number. This is evident from the occurrence of diploid (2n=30), tetraploid (2n=60) and hexaploid (2n=90) species in nature. Many of the diploid species are economically important as also the polyploid species. Ipomoea batatas, the sweet potato, is a hexaploid species of tropical and subtropical origin. It is a premier food crop of great importance in the agriculture economy of many countries and is also an important commercial source of starch in the world.
With the increasing realization of its economic importance, attempts are now being made to improve the existing cultivars by incorporating desirable genes from their wild relatives. To provide a scientific basis for such a programme comprehensive cytomorphic studies of various Ipomoea species were initiated.
In the course of such an investigation, a tetraploid form of Ipomoea biloba, hitherto unknown, was found to occur in nature along the western coast of Kerala State. In view of its potential use as a bridging species in gene transfer from the diploid species to hexaploid species, I. batatas, detailed comparative cytomorphic studies of both the tetraploid and diploid species were undertaken and the results obtained, which are reported here, threw some light on the mode of origin of the tetraploid species and its relationship with the diploid species.
MATERIAL AND METHODS
Diploid and tetraploid plants of I. biloba utilized in this investigation were collected from the western coast of Kerala and grown in the experimental nursery of the Institute. For the study of microsporogenesis, flower buds of appropriate size were fixed in 1: 3 acetic alcohol for 24 hours.
The PMC squash was made in a drop of one percent acetocarmine to which traces of iron acetate were added.
All microphotographs were taken from the freshly prepared slides, however, a few slides were made permanent following OBSERVATIONS Comparative morphology of diploid and tetraploid Some of the important morphological characters were studied in both the diploid and tetraploid.
The data are presented in Table 1 . While, the tetraploid manifested increase in laminary dimensions, pollen diameter and length of hair on seed coat, no appreciable differences in leaf thickness, stomata size and frequency and other floral characters between the diploid and tetraploid were observed ( Figs. 1 and 2 ).
Cytology
The course of microsporogenesis in the diploid and tetraploid was studied from Table 1 . Morphological characters of diploid and tetraploid I. biloba (a) Meiosis in diploids Studies on the pairing behaviour of homologous chromosomes at earlier stages in the diploid plants revealed the presence of regular and complete pairing at mid-pachytene. Chromosomal associations consisted entirely of bivalents which were differentially stained. Fifteen II's were regularly observed at this stage. The centromere region of each bivalent appeared as unstained area flanked by dark-staining regions on either side. Two nucleolar bivalents were found in association with nucleolus by their terminal dark-staining organizers, which differed in their size. In addition to this difference, these two bivalents also differed in the lengths of light staining regions of the organizer-bearing arms (Fig. 3) . The nonnucleolar chromosomes of the complement lacked telochromomeres. Fifteen II's were also usually observed both at diakinesis and MI (Fig. 4) . Two bivalents were usually found to be associated with the nucleolus at diakinesis.
The bivalents were held together either by one or two terminal chiasmata.
Occasionally interstitial chiasmata were also found.
The average chiasma frequency determined at both these stages was found to be 24.75 per cell. Anaphase I and the subsequent meiotic divisions were completely normal resulting in regular tetrads. High percentage of stainable pollen (94.4%) with a mean diameter of about 97.9 and good seed setting were recorded.
(b) Meiosis in tetraploids As in diploid, in the tetraploid also, location of centromere proved easy on account of their clear demarcation by proximal deep-staining regions of the two arms. However, the critical analysis of the chromosomal associations at this stage was greatly handicapped by the high chromosome number.
On account of this the morphology of nucleolus-associated chromosomes also could not be ascertained in greater details. However, two telochromomere bearing chromosomes ( Fig. 5 ) could be singled out in all the analyzable pachytene nuclei. The two chromosomes differed in the size of their telochromomeres as well as in the lengths of distal light-staining regions of their telochromomere-bearing arms and consequently could be easily distinguished from one another.
In some of the nuclei, one of them was found to be in association with nucleolus.
At diakinesis the nucleolar-associated chromosomes varied in their number and exhibited bivalent or rarely univalent configurations.
Pollen mother cells with two and three nucleolar bivalents occurred frequently and accounted for 35.3 and 32.3% cells respectively.
In 10.8% cells, four nucleolar bivalents were observed. The frequency of PMCs with different chromosomal configurations at diakinesis and metaphase I stages in the tetraploid is summarized in Although different types of quadrivalents were noted, the ring of four chromosomes was maximum in frequency as compared to other types. The average chiasma frequency per cell was determined as 43.5. Anaphase I was normal with usually regular distribution of 30/30 chromosomes (Fig. 7) . However, in about 8% and 2% of the cells analyzed, the abnormal segregation of 29:31 and 28:32 respectively was observed. Occasionally, lagging of 1 to 4 chromosomes was also noted at AT and All. At the tetrad stage, dyads, triads and pentads were also noted in about 3.9% of the cells. About 91.2% of the pollen was found stainable. The size of the pollen was also larger as compared to diploid pollen grains (Table 1) .
DISCUSSION
Diploid chromosome number for I, biloba has been reported earlier by Sugiura (1936; vide Darlington and Wylie 1955) and karyological studies of diploid species at somatic metaphase in root tip cells have been conducted by Sharma and Datta (1958) . The present investigation confirms the earlier findings with respect to the chromosomal counts made at the diploid levels and in addition reports for the first time the occurrence of tetraploid form in nature.
Similar existence of diploid and tetraploid types is known in I, tilicea and I, arborescens (Jones 1968) . However, their mode of origin is not known.
Generally, in the elucidation of the origin of naturally occurring polyploids, evidences are sought from comparative morphology of putative parents and their synthetic polyploid on one hand and natural polyploid on the other, genetic studies on the latter and pairing behaviour of chromosomes of polyploid at meiosis.
In the tetraploid taxon under consideration, the data on the synthetic polyploid is lacking and hence discussion on its origin is restricted to other aspects.
From a morphological consideration the direct role played by the diploid I. biloba in the origin of tetraploid form seems quite justified. The morphological characters that delineate the two taxa are few and relate to the differences in their leaf shape, size, pollen size and length of seed coat hair (Table 1 ). These differences, as such, are of minor nature and further it is necessary to discern and take into account the changes, if any, on the expression of these characters incident on change in the ploidy status of the diploid taxon.
From this point of view studies on the induced tetraploids of diploid biloba is already underway.
The geographical distribution of the two taxa offers further clue to the direct contribution of the diploid biloba in the origin of tetraploid form. The diploid and tetraploid forms enjoy a wide distribution along the western coast of India and are sympatric. The absence of other Ipomoea species in the immediate vicinity seems to rule out the possibility of considering other related taxon under this genus as one of the probable progenitors. The data from the pachytene karyology of taxa have also been used successfully in exploring the nature and origin of polyploids of several plant taxa (Weatherwax and Randolph 1955; Magoon 1966; Magoon and Shambulingappa 1961, 1963; Magoon and Tayyab 1968; Magoon et al. , 1964 Magoon et al. , 1967 Krishnan and De 1968) . A similar approach was also attempted in the present investigation.
The diploid biloba at pachytene was found to possess two nucleolar chromosomes which are morphologically distinct and carry terminal organizers.
Barring these two nucleolar chromosomes, the entire diploid complement was found to be destitute of chromosome(s) with easily recognizable morphological markers which could be employed in the studies on the pachytene karyology of tetraploid. In the case of tetraploid eventhough several suitable well-stained pachytene nuclei could be obtained, complete karyological analysis was vitiated by the higher chromosome number of the taxon and the consequent overlapping of chromosomes. Hence pachytene study of the tetraploid form had to be undertaken in a more objective way and was restricted to the study of nucleolar chromosomes.
However, the exact number of the nucleolar chromosomes present in the tetraploid could not be reckoned with certainty. But in all the pachytene nuclei, the presence of two telochromomeric bivalents could be consistently verified and based on suitable morphological markers these two chromosomes could be distinguished.
These two telochromomeric chromosomes of the tetraploid biloba appear to be morphologically similar to the two nucleolar chromosomes of the diploid biloba. Although the former are not always found in association with nucleolus, the frequent association of one of them with nucleolus at pachytene seems to further indicate such a possibility. Further, telochromomeric chromosomes other than nucleolar chromosomes are not present in diploid biloba and this is also true for another Ipomoea species, I. crassicaulis where the detailed pachytene karyology has been worked out (Krishnan et al. 1968) . Telochromomeric chromosomes are also observed at pachytene stages in the hexaploid I. batatas where they were found in association with principal and/or accessory nucleoli (unpublished data). Thus these data can be adduced to lend support to the nucleolar organizer function for telochromomeres and in view of the morphological similarity of telochromomeric chromosomes and the nucleolar chromosomes of diploid biloba, the possible contribution of one of the genomes to tetraploid biloba by the diploid biloba seems plausible.
From the present study evidences can also be marshalled from meiotic pairing of the tetraploid form.
Since in the tetraploid one to four quadrivalents occur in 54.5% of cells at metaphase I, a genomic allotetraploid origin can be ruled out and hence alternatively an autotetraploid or segmental allotetraploid origin need be considered. The need for caution in interpreting origin of polyploid taxon purely on the basis of their meiotic pairing has been already well realized owing to the complex nature of mechanisms underlying chromosome pairing in these types of polyploids. Morrison and Rajathy (1960) postulated on the basis of observations of autotetraploids belonging to the various families of genera of plants, that irrespective of the size of chromosome, the average number of quadrivalent formation should be 2/3rd of the total possible number in the cells.
On the other hand, Magoon and Tayyab (1968) could not verify the above expectations in their study of induced tetraploids in the genus Sorghum.
For instance, they showed that in induced tetraploids of S. nitens (4n=40) -a Eu-Sorghum-the mean quadrivalent formation was lesser than the 2/3rd limit. Since varying low percentages of quadrivalent frequency have also been reported in the different tetraploids of Eu-Sorghum, it was suggested by them that a certain mechanism, probably complementary genic effect underlies the reduction in quadrivalent frequency or increase of diploidization, the degree of expression of which varies from species to species in the genus Sorghum.
Further, the quadrivalent frequency recorded by Magoon and Tayyab (1968) in the autotetraploid of S. nitidum (4n=20) -a Para-Sorghum-exceeded the 2/3rd limit which may be explained on the basis of genic effect. Considering the differential behaviour of these two species of Sorghum at different ploidy levels in regard to the mean quadrivalent formation, it was also suggested by them that probably even the ploidy status of the species, by itself, exerts some sort of control over quadrivalent formation and such generalization as made by Morrison and Rajathy (1960) may not hold good, if detailed cytological behaviour in the autotetraploids of different ploidy levels is explored. Skirm (1942) also reported an induced tetraploid Tradescantia which had predominantly bivalent pairing.
He attributed this low frequency of quadrivalents to the structural heterozygosity of the material subjected to chromosome doubling. Salomon (1940) also reported normal meiosis in tetraploids Sorghum sudanense. Earnshaw (1942) recorded a low quadrivalent frequency in tetraploids of Plantago maritima, never more than two and attributed it to the low chiasma frequency found in this plant. Giles and Randolph (1951) also found that few quadrivalents and more bivalents at the end of ten years period in a strain of autotetraploid of maize than at the beginning.
From the foregoing considerations, it is obvious that `bivalentizaton' occurs even in autotetraploids with the passage of time in nature. A similar conclusion is also borne out by Malik and Grover (1968) from their studies on the origin of a tetraploid form of Convolvulus pluricaulis.
The induced (raw) and natural tetraploids of this species are reported to be morphologically similar but not so in their meiotic behaviour. In the `raw' tetraploids multivalent formation predominated while their frequency in the natural tetraploid was low. The mechanism underlying `bivalentization' in autopolyploids is through random bivalent synapsis of homologous chromosomes as has been well demonstrated in the case of autotriploid Phleum pratense (Muntzing and Prakken 1940) . However, such is not the case in the tetraploid biloba where preferential pairing is responsible for bivalent association of the two telochromomeric chromosomes. Thus in this respect the tetraploid biloba behaved akin to segmental allopolyploid rather than autotetraploid.
In the tetraploid biloba evidences on the prevalence of homology between the parental sets in as high as four chromosomes of the haploid set is secured from the formation of a maximum number of four quadrivalents.
Despite the occurrence of one to four quadrivalents in 54.5% cells, chromosome disjunction of the nuclei at anaphase I is well synchronised and chromosome distribution to daughter nuclei is also nearly normal. This can be attributed to orientation of quadrivalents at metaphase I which assume open or closed ring and cross shaped configurations.
Thus the tetraploid biloba despite its frequent quadrivalent formation suffers from no serious sterility problems and produce high percentage of stainable pollen and viable seeds. The high fertility of this mental allopolyploid bespeak of attainment of meiotic stability, a prerequisite establishment of segmental polyploid in nature. This is also supported by the distribution it enjoys in the western coast of Kerala, India, where it seems to by and large displaced one of its diploid progenitors, I. biloba. These differences relate to leaf shape and size, pollen size and length of seed coat hair.
The course of microsporogenesis was investigated from pachytene stage onwards in both the taxa. Based on these data and their geographical distribution, the mode of origin of the tetraploid taxon and its relationship to the diploid was considered.
The close similarity in their exomorphic characters, presence of both the diploid nucleolar chromosomal types in tetraploid and the sympatric distribution of the two taxa are advanced as evidences in favour of the direct role played by diploid biloba in the origin of the tetraploid taxon.
However, in view of the prevalence of preferential pairing, low multivalent frequency and high fertility, a segmental allopolyploid origin seems probable.
